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Precision Muon Phyiscs

“Of all the recent muon experiments, the measuremitite
muon anomalous magnetic moment(@,-2)/2 by experiment
E821 at BNL stands out both experimentally and ritaally . «

“That measurement was statistics limited and coeldurther
Improved. Indeed, an upgrade proposal by the lood&ion
outlines a plan to reduce the error in by a alfatbr of 2.”
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Precision Muon Phyiscs
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MUON Physics

Physical Review Letters, 20 July 2007,Volume 99, Nu

Improved Measurement of the Positive-Muon Lifetimea  nd
Determination of the Fermi Constant

D. B. Chitwood et al. (MuLan Collaboration)

Published 16 July 2007

Measurement of the Muon Capture Rate in Hydrogen Gas
Determination of the Proton's Pseudoscalar Coupling gP
V. A. Andreev et al. (MuCap Collaboration)

Published 16 July 2007
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Electroweak Radiative Corrections to Muon Capture
Andrze| Czarnecki, William J. Marciano, and Alberto Sirlin
Published 16 July 2007
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Standard Model Electroweak Interaction
(4 parameters)

SL? , My (Higgs) ¥ expectation value
(2) of the Higgs field

Fine structure constant 00.045 ppm

Fermi coupling constant 09.000 ppm
Mass of the Z boson 23.000 ppm

Higgs mass constrained

m;, masses of quarks and leptons (12)

CKM quark mass mixing matrix, [Cabbibo] Kobayashaskawa (4)

MKS mass matrix for neutrinos, Maki-Nakagawa-Sakagdrix (4)

Cosmological Constant (1)
QCD Coupling (1)
26 dimensionless constants for standard model

*Ritenbergen and Stuart, Nucl. Phys. B564 (2000)
*PDG, Particle Data Group
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Fermi Coupling constant

v,
L T w<
— = 1+ O V,
T 192773( ) %
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The theoretical uncertainty on G as extracted from
the muon lifetime is < 0.3 ppm.



ElLectroweak

* Basic parameters [2006] (e.g. PDG)

Standard Model Electroweak Interaction

Fine structure constant 00.045 ppm

Fermi coupling constant | 09.000 ppm
(Before current effort)

Mass of the Z boson 23.000 ppm
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The experimental concept
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Rates

e 1ppm requires at least 102 observed decays

* Probability for a set of measurements (i, t,,...)

dP(t,.t,...|7) = p(t, |T) (L, |T)..dtdt,...

 Probability that a parameter has a value based on (11, t2,...)

L(7 [t,,t,...) = o(t |7 )po(L, |T)




Rates and Uncertainty

« For a simple distribution one can find the valae t
that make the experimental result highly probabie
estimate the uncertainty. (same result from nfi




Uncertainty with Background

Assume measurement period of 10T




Uncertainty

» Uncertainty is increased due to new terms in the
distribution

e Lifetime is distorted due to an incorrect distribution

*The average is no longer an unbiased estimator
for the lifetime when there is background

*Reduce your uncertainty through statistics therefore
an unbiased measurement of t is critical

Individual precise measurements are not critical

KNOW YOUR DISTRIBUTION
REMOVE SYSTEMTICS




Rates

e To accumulate the statistics necessary in a one
month period
— 4,0x10° muon decays/sec
— 1 muon every 3 us

 Need more than 1 muon In target at a given
time.
— Granularity (FAST approach)

— Pulsed beam (ULAN Approach)
e Duty facor (35 us -total ) /(5 ys —on)  [factor of 7]
— 3x10°% muons/sec
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Te3 beamline

Surface Muon Beam 29 MeV/c

*Dedicated beam studies for several years

A Beam Rate > 11 MHz;

*Spot at target, only few cm2.

«Separator leaves about 5-10% positron background.
Many elements to tune. Straight beam is tricky.
Extinction fraction looks reasonable. (1000)
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Entrance Muon Counter

LX ¥ Plot For EMC | Entries 842852
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[X wire]

v 9 active Wres on each plane v/ Logic pulses between 40 and
100 ns long

v/ FPGA for time and position hits

v/ Accumulation: Prescaling

v/ 1 mm spacing
v/ reading every two wires

v/ resolution: 2 mm
v/ Measurement: No-prescaling
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a gift from TRIUMF

X-Y Coincidence vs Time in Fill

A

Extinction ~ 1000
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Vacuum Muon Corridor

B e b et T R LR

1) Continuous vacuum
2) AK-3 target with rotation mechanism
3) Thin-walled vacuum tube
4) EMC - High-rate wire chamber



2-sided, soccer-ball geometry
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2 Analog Pulses
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